To investigate the differences of open reduction and internal fixation (ORIF) of complex AO Type C distal radius fractures between two different models of a single implant type.
 All patients achieved adequate functional outcome by the two-year follow-up  There was no significant difference in the final outcome between the two sizes of LCP DR
Strengths and limitations
 The dataset is relatively large compared with similar studies that have assessed the performance of LCP DR in the treatment of distal radius fractures  The study focuses on only a single fracture type, allowing for a more comprehensive understanding of the exact influence of the different plate types on a standardised fracture  Both groups were documented prospectively in separate groups of clinics using a similar study protocol  Despite statistical adjustments for baseline factors, residual confounding cannot be excluded in this observational study
Introduction
The advantages of operative treatment for distal radius fractures have been highlighted. [1] [2] [3] In addition, a number of studies have reported the successful use of volar locking plates to stabilise intra-and extra-articular fractures, as this type of fixation enables adequate functional postoperative treatment. [4] [5] [6] Consequently, the popularity of volar angle stable plate fixation has increased, as has the number of implants available on the market. Variations in plate design include adaptations to the shape and contour of the plate, 7 the size and angle of the screws, the locking screw mechanism, 8 and the type of plate material. 9 There are special requirements in the treatment of complex AO Type C2 and C3 distal radius fractures. Comminution of the dorsal cortex places high demand on the stability of the implant and locking mechanism of the plate/screw interface. Displaced fragments of the joint surface (especially in the case of a C3 fracture) also require several options for the fixation of specific fragments with screws of small diameter.
Using the database of two large prospective multicentre studies on the locking compression plate distal radius (LCP DR) system (Synthes AG, Bettlach, Switzerland), 10, 11 we performed a comparative analysis of a subset of patients with an AO Type C fracture treated with either a LCP DR 2.4 mm or 3.5 mm. The main purpose was to investigate the outcomes following open reduction and internal fixation (ORIF) using two different models of a single implant type.
Materials and Methods
Patients with fractures of the distal radius aged between 18 and 80 years who provided written informed consent were originally recruited as part of two larger prospective studies to evaluate LCP DR 2.4 mm and 3.5 mm implants (Fig. 1) ; these studies were approved by the respective Institutional Review Boards for each participating centre. 10, 11 For this analysis, patients with AO Type C distal radius/ulna fractures (i.e. complex articular fractures affecting the joint surface and the metaphyseal area) 12 who received plate fixation using a volar approach with either implant within ten days of injury were selected.
Further details concerning the original study inclusion and exclusion criteria have been previously described. 10, 11 Baseline and outcome evaluation. All patient evaluations have been described in detail by Jupiter et al. 10 Briefly, general patient demographics and accident/fracture characteristics were documented on case report forms during hospitalisation. Baseline measurements of the Disabilities of the Arm, Shoulder and Hand (DASH) score 13 (i.e. the patient-rated function of the upper limb at one week prior to injury) and pain (at rest and during motion) using a visual analogue scale (VAS; 0 indicates no pain and 10 represents very severe pain) were completed for each patient. Anteroposterior (AP) and lateral radiographs were obtained upon admission, intra-operatively, and immediately post-operatively as well as on subsequent scheduled follow-up evaluations.
Patients were followed up at six months, and at one and two years. The examinations included: measurement of wrist and forearm motion with a goniometer, and grip strength using a Jamar dynamometer (Sammons Preston Roylan, Bolingbrook, Illinois); functional assessments using the DASH and Short-Form 36 (SF-36) scores 14 as well as the physician-rated Gartland and Werley score 15 ; and pain and satisfaction ratings using the 0 to 10 VAS, where 0 was not satisfied at all and 10 was absolutely satisfied for the latter.
The evaluation of joint alignment, fracture healing and reduction, arthritis grading according to Knirk and Jupiter 16 and the degree of displacement was made on post-operative radiographs. All radiological measurements including radial angle, radial length, ulnar variance, and articular step-off and gap were evaluated by an independent radiologist and recorded according to the criteria of Kreder et al. 17 All complications were documented up to two years. Study population. A total of 317 patients recruited consecutively from 18 participating clinics were screened. Of these, 136 patients had an AO Type C fracture treated with either an LCP DR 3.5 mm (n = 75) or 2.4 mm (n = 61) using a volar approach, and were included in the analysis (Fig. 2) . In the 3.5 mm group there were 21 men and 54 women with a mean age of 55.5 years (25 to 80), and in the 2.4 mm group there were 19 men and 42 women with a mean age of 51.9 years (18 to 78). Over 70% of the patients had no signs of arthritis and a baseline DASH score between 0 and 5 (Table I) . Overall, both groups were similar, although a significantly higher proportion of 3.5 mm patients had a concomitant general disease (44% vs 11%; Fisher's exact test, p < 0.001) and were righthanded (96% vs 85%; Fisher's exact test, p = 0.036) compared with the 2.4 mm cohort (Table I) .
According to the AO classification, the majority of fractures were categorised as Type C3 fractures (65% and 77% for the 3.5 mm and 2.4 mm groups, respectively). The remainder were all Type C2 fractures, except for one Type C1 fracture in each group (Table I) . There was no significant group difference based on the distribution of Cfracture subtypes (Fisher's exact test, p = 0.23). Statistical analysis. Baseline characteristics between the groups treated with an LCP DR 3.5 mm or an LCP DR 2.4 mm were compared using the Fisher's exact and Kruskal-Wallis tests and clinical judgment. Differences in function and health status were assessed at six months and one and two years, at which time point the rates of follow-up were 76%, 76%, and 82%, respectively (Fig. 2) .
For each of the 19 outcome parameters, all data were pooled and analysed together in one overall linear regression model, while taking the repeated measurements across the follow-up examinations into account. Analyses were statistically adjusted for age, dominant side fractures, concomitant diseases, baseline DASH score, fracture subtype C3, and the use of bone graft.
The likelihood ratio test was used to study the overall effect of the 2.4 mm over the 3.5 mm plate on each outcome parameter. Statistical significance was adjusted for multiple testing using a Bonferroni correction: a p-value < 0.003 (i.e. 0.05 divided by the 19 parameters) was considered significant. For each outcome showing an overall significant plate type effect, group differences at followup time points were estimated and tested (Wald test).
While the original studies 10, 11 were not designed for such a group comparison, a post-hoc two-sided analysis with group sizes of 49 and 62 patients at two years indicated a power of 83% to identify an effect size Flow chart showing the screening of distal radius fracture cases treated with either a 2.4 mm or 3.5 mm distal radius locking compression plate (LCP DR) using a volar approach and the follow-up rates throughout the two-year period.
(standardised difference in a continuous outcome) of 0.75 at a Bonferroni-corrected significance level of 0.003. An effect size of 0.5 represents a moderate difference and 0.8 a large difference. 18, 19 All statistical analyses were conducted with the software Intercooled Stata Version 9 (StataCorp LP, College Station, Texas).
Results
Complications. The risk of experiencing a complication after fixation with a LCP DR 3.5 mm was 11% (8 of 75) compared with 18% (11 of 61) associated with the 2.4 mm plate (Table II) . The relative risk of a complication was calculated to be 1.7 (95% confidence interval 0.73 to 3.9; p = 0.32). Functional outcomes. There were no significant differences in the range of movement of the wrist between patients treated with either the 3.5 mm or 2.4 mm plate (likelihood ratio test; all p ≥ 0.052) ( Table III) . The mean grip strength measurements compared with the healthy contralateral side increased beyond 80%, and Gartland and Werley scores were also categorised as good or (Table IV) . In addition, patient health status in both treatment groups was not significantly different based on the DASH (p = 0.301) and SF-36 component scores (p = 0.019 and p = 0.089 for physical and mental components, respectively), as well as assessment of pain throughout the two-year period (p = 0.014 and p = 0.005 for pain at rest and movement, respectively; all likelihood ratio test). Radiological outcomes. The mean radiological measurements at two years were similar between the two groups. For the 3.5 mm and 2.4 mm groups, the mean radial inclination was 23.5° and 23.4°, respectively (p = 0.181), the mean palmar tilt 3.2° and 2.6°, respectively (p = 0.556), and the mean ulnar variance 0.03 mm and 0.0 mm, respectively (p = 0.348; all likelihood ratio test). Of 69 patients in the LCP DR 3.5 mm group with complete data, 27 (39%) with generally no baseline signs of arthritis showed a worsening of arthritis grade by at least one point on the system of Knirk and Jupiter, 16 and two patients increased by three points between the follow-up assessments at one and two years. Of 54 patients in the LCP DR 2.4 mm group with complete data, 16 (30%) worsened by one grade and four (7%) by two grades. This was a smaller worsening than that seen in the 3.5 mm group, but it did not reach statistical significance after applying the Bonferroni corrected level (Fisher's exact test; p = 0.04).
At one year, an articular step-off was recorded for one of 53 patients (2%) in the 3.5 mm group compared with eight of 50 (16%) in the 2.4 mm group (Fisher's exact test; p = 0.014); this outcome was also not significant based on the Bonferroni corrected significance level. By two years, only three of 49 patients (6%) in the 2.4 mm group were reported to have a step-off. No patient from either treatment group had a step-off > 2 mm.
Discussion
Our analysis confirms that there is no difference between the volar fixation of dorsally comminuted intra-articular distal radius fractures using either of the LCP systems. Our patient series achieved functional outcomes similar to that of other cohorts of patients with intra-articular distal radius fractures treated with a volar approach and locking plates. [20] [21] [22] The complication rates are similar to those described by Souer et al 23 of 11% and 21% for the 3.5 mm and 2.4 mm systems, respectively -although those authors focused on the treatment of AO Type A3.2 extraarticular fractures. 23 Our radiological findings were similar to those described by Konstantinidis et al. 21 The oblique 3.5 mm implant has only three distal screw holes with limited options for fixing specific fragments as well as size limitations for fixing broad wrists. The straight version has the option of applying up to four screws but due to its lack of ulnar angulation, this implant is restricted to fixing distal styloid fragments. It is also a thick implant that theoretically could lead to more interference with flexor tendons. Alternately, the 2.4 mm plate is an anatomically pre-shaped, low-profile plate designed to minimise soft-tissue irritations. There are up to five options for positioning distal interlocking screws, and with the use of smaller diameter screws, there are more options to fix specific comminuted fragments and position the plate in a more distal fashion compared with its 3.5 mm counterpart. Its screws are oriented proximally to avoid intra-articular placement but this could lead to insufficient subchondral support and secondary loss of reduction. In addition, the 2.4 mm implant may provide less stability due to the smaller screw diameter and reduced plate thickness. This possible difference in implant stability may affect successful rehabilitation and final functional outcome status of the patient.
For both groups, similar incidences of screw loosening and loss of reduction were reported. Breakage of the plate was not reported and those cases of screw loosening originated from bone/fracture or surgical technique problems, rather than the implant itself. A similar proportion (60%) of high grade unstable type C3 intra-articular fractures have been reported undergoing volar fixation with the 2.4 mm LCP implant 21 ; single cases each of loss of reduction and early screw displacement were reported, which is comparable to the outcome of implant related complications in our study. Based on this, one cannot assume that the 2.4 mm implant is less stable than the 3.5 mm plate. Souer et al 23 reported better restoration of volar angulation in their 3.5 mm group and attribute this to the aforementioned difference in plate design and not due to insufficient stability of fixation. There were no reports of flexor tendon * the complication risk estimation for experiencing at least one local complication. There were eight local complications arising from 75 fractures for the 3.5 mm group and ten local complications from 61 fractures for the 2.4 mm. There was no difference between the complication risks estimated for the treatment groups (Fisher's exact test, p = 0.45) † n.r., not reported PUBLISHED BY BONE & JOINT irritation in our patients. We recommend placing the implant up to and not beyond the watershed line 24 as a necessary step to avoid contact and injury to the flexor tendons, regardless of the type of plate used.
A plate offering more options for fixing specific fragments with smaller screws may lead to better anatomic reduction. This will result in a smaller step-off occurring in the joint surface, minimise the development of arthritis and ultimately provide better function of the wrist. One major goal in treating articular fractures is to prevent post-traumatic arthritis resulting from initial damage to the joint surface and the quality of reduction. It is generally accepted that a step-off < 2 mm is mandatory to reduce the likelihood of developing post-traumatic arthritis. 16, 25 There was a tendency towards a greater number of 2.4 mm treated patients reporting a step-off in our study, although all reported incidences in both groups were < 1 mm. Our data does not support the assumption that plates with more options for fixing specific fragments with smaller screws can lead to enhanced anatomic reduction. The degree of arthritis worsening over time was similar in both groups. Functionality is the (8) 26 (7) 19 (7) 21 (9) 22 (7) 23 (9) 24 (10) 25 (7) 0.296 % of contralateral side --77 85 88 91 97 100 0.296
Ulnar deviation 37 (9) 39 (9) 29 (9) 32 (9) 34 (11) 33 (11) 33 (10) 35 (10) Pronation angle 86 (7) 87 (5) 81 (12) 83 (10) 84 (14) 85 (7) 85 (8) 87 (6) (10) 87 (5) 79 (14) 80 (12) 82 (13) 85 (8) 78 (17) 85 (8) sum of pain, range of movement and grip strength, which was achieved by all our patients. Based on the observational nature of the study and the lack of patient randomisation, residual confounding cannot be excluded. Nevertheless, appropriate statistical adjustments for baseline factors were made. In addition, since both patient groups were documented prospectively in separate groups of clinics using a similar study protocol, this situation is less prone to allocation bias associated with treatment choice by the surgeons within a clinic. Our comparison is therefore valid and relevant given the many clinics that were involved. Our cohorts are relatively larger compared to the number of patients treated with the LCP 3.5 mm and 2.4 mm (n = 38 and 24, respectively) evaluated by Souer et al. 23 Furthermore, our focus on a single fracture type allowed for a better understanding of the exact influence of the different plate types. A complex fracture of the distal radius must account for additional factors when considering their surgical fixation. In their discussion, Souer et al 23 speculate on whether their outcome would apply to more complex fractures, particularly articular fractures. Our investigation supports the idea that both the 2.4 mm and 3.5 mm LCPs offer similar outcomes not only to patients with extra-articular fractures. Based on our findings from an observational database, it would be of interest to see whether the results from our study and that of Souer et al 23 would be confirmed by a large, randomised controlled trial.
In conclusion, patients with complex distal radius fractures (i.e. complete multifragmentary articular fractures) can expect good functional outcome from the LCP systems. Our data did not support the theoretical benefits of the newly designed 2.4 mm implant. Both provide stable support to the wrist with the option of undertaking functional post-operative treatment.
